Primary squamous cell carcinoma (SCC) of the liver is rare tumor with an unfavorable prognosis. We report a case of advanced primary SCC of the liver arising adjacent to a nonparasitic liver cyst, invading into the right diaphragm and the right lung tissue. Contrast-enhanced ultrasonography (CE-US) demonstrated unique enhancement in the late vascular phase, which was incompatible with those observed in hepatocellular carcinoma, cholangiocellular carcinoma, or metastatic adenocarcinoma. The patient underwent surgical resection of the tumor followed by systemic chemotherapy with 5-fluorouracil (5-FU) and cisplatin (CDDP), while radiation chemotherapy was not applied because of relatively poor performance status. Although postoperative image analysis revealed no recurrence 4 months later, the patient died 13 months after the operation from recurrence. Immunohistological analysis of the resected specimen revealed that this SCC contained many capillary endothelial vessels expressing CD31 or CD34, possibly reflecting the unique imaging pattern in the late vascular phase of CE-US, which has been reported in choangiolocellular carcinoma. In addition, we reviewed which kind of treatment would be suitable for advanced hepatic primary SCC in the literature. From the review, it could be proposed that a combination of radiation therapy, systemic chemotherapy (5-FU and CDDP) and surgical resection, if possible, is appropriate for advanced primary SCC of the liver.
Introduction
Primary squamous cell carcinoma (SCC) of the liver is a rare tumor which has been sporadically reported. To our knowledge, only 24 cases have been reported in the English language literature. Of those cases, many developed in livers accompanied by nonparasitic hepatic cysts [1] [2] [3] [4] [5] . Solitary and multiple nonparasitic cysts originate from von Meyenburg's complexes and are lined with simple cuboidal or columnar epithelium. Primary SCC of the liver is generally considered to result from secondary squamous metaplasia of such biliary epithelium due to chronic inflammation and subsequent neoplastic transformation [3] . The prognosis of this tumor is very poor, and only a few cases survived more than 12 months even after treatment [6, 7] . In addition to surgical resection, radiation and chemotherapy have been tried to improve survival [8, 9] . We report here an advanced case of primary SCC of the liver who received surgical resection and subsequent chemotherapy with low-dose 5-fluorouracil (5-FU) and cisplatin (CDDP). In addition, we reviewed in the literature which kind of treatment is appropriate if hepatic tumors are diagnosed as primary SCC.
Contrast-enhanced ultrasonography (CE-US) is a useful method for diagnosis of hepatic tumors. While findings of CE-US in hepatocellular carcinoma, cholangiocellular carcinoma, or metastatic adenocarcinoma of the liver have been well documented, there is no report of CE-US findings in primary hepatic SCC so far. CE-US findings of primary SCC of the liver were also reported here for the first time.
Case Report
A 73-year-old Japanese woman with a liver tumor and right hypochondrial pain was referred to our department in September 2006 for the purpose of surgical treatment, while her chief complaint started in June 2006. She visited a former hospital, and a liver tumor was suspected in the right lobe. Routine laboratory tests were within normal range. Enhanced computed tomography (CT) demonstrated an irregular low-density area with marginal enhancement adjacent to a nonparasitic liver cyst ( fig. 1) , while another nonparasitic cyst was also detected in segment 6. Comparison between enhanced CT images in June 2006 ( fig. 1a ) and those in September 2006 ( fig. 1b ) revealed that invasion of this liver tumor into right diaphragm and lung tissue became obvious during this period. Magnetic resonance imaging (MRI) demonstrated an irregular liver tumor with low signal intensity in the T1-weighed images and slightly high signal intensity in the T2-weighed images (data not shown). Diffusion-weighted image showed abnormal intensity in the tumor adjacent to the nonparasitic cyst. Ultrasonography (US) revealed an irregular hyperechoic lesion in segments 7 and 8 in the liver ( fig. 1c ). CE-US using Levovist (Berlex, Canada) showed blood flow into the tumor from the marginal area during the early vascular phase ( fig. 1c ; 23 s after injection). The increased tumor blood flow lasted during the late vascular phase except for the central area ( fig. 1c ; 60 s); then, delayed parenchymal phase of the US showed an irregular hypoechoic area ( fig. 1c ; 5 min). Meanwhile, whole body CT and gastrointestinal endoscopy demonstrated no other extrahepatic tumors. From these image analyses, intrahepatic cholangiocarcinoma or cyst adenocarcinoma in the liver was preoperatively suspected, even though the CE-US finding of the tumor in the late vascular phase was atypical. Needle biopsy was not performed to prevent iatrogenic dissemination.
In October 2006, she underwent hepatic resection of segments 7 and 8 including the nonparasitic cyst, in combination with partial resection of right diaphragm and right lung tissues. The tumor was irregular and white-colored, and its size was 10.0 × 8.0 cm ( fig. 2) . The tumor macroscopically seemed to form a part of the nonparasitic cyst wall, invading to the liver, diaphragm and lung tissues. Histological examination revealed that the tumor consisted of moderately or partially well differentiated squamous carcinoma cells with keratinization, but not of any adenocarcinoma component ( fig. 3a-c) . Invasion of the tumor cells into the lung tissue was also microscopically detected ( fig. 3a, asterisk) . Immunohistochemical analysis revealed that this tumor contained many capillary endothelial vessels which were positive for anti-CD31 ( fig. 3d ) or anti-CD34 ( fig. 3e ) antibodies, and that these vessels predominantly existed in the peripheral regions of the tumor. Meanwhile, the tumor was negative for immunostaining against thyroid transcription factor-1 (TTF-1), a pulmonary cell-selective transcription protein (data not shown).
After the operation, the patient underwent systemic chemotherapy with low-dose 5-FU (250 mg/ kg body weight/day) and CDDP (5 mg/kg body weight/day). These drugs were administered for 5 consecutive days with 2-day intervals for 4 weeks. Meanwhile radiation therapy could not be performed because of postoperative bleeding peptic ulcer. Four months after the operation, enhanced CT images revealed no recurrence in the remnant liver and surrounding tissues. However, recurrence appeared 11 months later, and she died 13 months after the operation.
Discussion
Primary SCC of the liver is a very rare tumor, and many of them exist adjacent to nonparasitic liver cysts, with a few exceptions [7, 10] . While the precise mechanism why SCC develops in the liver is unclear, it is proposed that squamous epithelium lining liver cysts may undergo dysplasia, metaplasia and, ultimately, malignant transformation over the years [3] . In the present case, the SCC indeed existed adjacent to a nonparasitic cyst, forming a part of the cyst wall, suggesting that the tumor originated from the cyst wall. Strictly, it is difficult to distinguish primary SCC of the liver from hepatic invasion of pulmonary SCC in the present case, though the tumor was negative for anti-TTF-1 immunostaining. However, sequential preoperative image analysis strongly suggested that primary SCC of the liver invaded into the right diaphragm and lung tissue in this case.
In the diagnosis of primary hepatic SCC, preoperative findings of this tumor in CE-US have not been well defined in the literature. In the present case, the tumor was still hyperechoic with Levovist even in the late vascular phase. This observation was incompatible with typical CE-US findings of cholangiocarcinoma, metastatic adenocarcinoma, or hepatocellular carcinoma [11] . Meanwhile, CT and MRI images of the present tumor were almost compatible with those in previous hepatic SCC cases [7, 10, 12] . Immunohistochemical analysis (anti-CD31 or anti-CD34) revealed abundance of capillary endothelial vessels in this tumor. This observation may explain why the tumor showed hyperechoic findings even in the late vascular phase during CE-US, as reported in a case of cholangiolocellular carcinoma [13] . Collecting CE-US data concerning SCC will be required to define whether the present observation is specific to SCC or not. Preoperative needle biopsy might be recommended if a rare pattern of CE-US is preoperatively detected like in the present case, because the therapeutic strategy will be possibly changed due to the pathological diagnosis.
As for the treatment of primary SCC of the liver, surgical resection per se can lead to a good prognosis if the tumor stays within early stages, namely if the tumor invades only the subepithelial connective tissue of the cyst wall, but not the surrounding liver parenchyma [14, 15] . However, primary SCC is often diagnosed after it has become advanced. In such cases, the tumor invades beyond the cyst wall and the liver parenchyma, leading to very poor prognosis. Before 1994, no case with survival >6 months was reported in such advanced patients [15] . Thereafter, radiation therapy or chemotherapy was tried to improve the prognosis, and relatively good survival was reported in a few cases [6] [7] [8] [9] . We summarized which kind of therapy was applied to the patients with primary SCC of the liver when relatively good survival (>12 months) was reported in the English language literature (table 1). From the summary, it is suggested that surgical resection alone cannot promise good prognosis once the tumor has become advanced, and that radiation therapy or chemotherapy with 5-FU and/or CDDP should be recommended in combination with surgical resection. In the present case, the diagnosis of hepatic SCC was confirmed only after liver resection, and postoperative systemic chemotherapy with 5-FU (250 mg/kg body weight/day) and CDDP (5 mg/kg body weight/day) was performed for 4 weeks (administration for 5 consecutive days with 2-day intervals). However, she did not undergo radiation therapy because of postoperative bleeding peptic ulcer. She died 13 months after the operation because of recurrence. These observations strongly suggest that radiation therapy in combination with chemotherapy and surgery should be applied if the hepatic tumor appears to be advanced primary SCC.
In summary, although primary SCC of the liver is very rare, if atypical hepatic tumor exists adjacent to a nonparasitic liver cyst, SCC also should be taken into the differential diagnosis. At present, there are no guidelines for adjuvant and palliative chemotherapy for primary SCC of the liver. However, it can be proposed that combination of radiation therapy, systemic chemotherapy, and surgical resection, if possible, should be applied if hepatic tumors are preoperatively confirmed as primary SCC.
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